Abstract -The objective of this work was to purify and standardize the rue (Ruta graveolens) extract and evaluate its effect on Magnaporthe oryzae as an alternative to the integrated management of rice blast. The drug was characterized, the liquid extract was obtained, and the methodology for quantifying the standard markers psoralen and bergapten was validated. Rue extract and the markers, solely or in combination, were assayed in vitro, as well as in greenhouse conditions, for their ability to suppress leaf blast, by the evaluation of mycelial growth, conidial germination, and appressorium formation. Rue extract inhibited M. oryzae mycelial growth (100%), conidial germination (LD 50 =0.237 mg), and the appressorium formation (LD 50 =0.121 mg); besides, the extract reduced leaf blast severity by 80.84%. Fluorescence microscopy showed that rue extract did not damage M. oryzae cell wall and plasma membrane, indicating another mode of action. Rue extract has a great potential for controlling rice leaf blast. 
Introduction
Magnaporthe oryzae (Catt.) B.C. Couch (anamorph, Pyricularia oryzae Cav.) causes rice blast, a highly destructive disease which is spread worldwide (Ebbole, 2007) . Rice blast is considered by plant pathologists as the most important disease caused by fungi (Dean et al., 2012) and result in up to 100% grain yield losses depending on weather conditions and on cultivar resistance (Prabhu et al., 2009 ). The disease cycle begins when conidia contact the host and penetrate the leaf tissue by rupturing the cuticle via penetration peg of the appressorium, a specialised structure differentiated at the extremity of the germ tube (Wilson & Talbot, 2009 ). The initial leaf blast symptoms are characterized by small necrotic brown lesions, which later become elliptical with a grey or white centre. These lesions coalesce and cause partial or total death of the affected leaf (Prabhu & Filippi, 2006) in five days, while starting another disease cycle.
To control the rapid progress of blast, farmers appeal to indiscriminate fungicide application, which results in diverse environmental concerns (Scheuermann & Eberhardt, 2011) such as soil and water pollution, destruction of nontarget beneficial microorganisms, risks to human health, and increased production costs (Ramos, 2009 ). The major challenge in adopting a sustainable disease management strategy is integrating genetic resistance, cultural practices, and chemical control. The pathogen's complex biology and rice cultivation extent in Brazil require viable alternative methods to meet social, economic, and environmental needs.
Biopesticides represent only 2% of the global market for plant protection. Despite the social and environmental benefits offered by biopesticides, challenges faced by small and medium enterprises, such as the cost of technology innovation, are enormous (Popp et al., 2013) . Using plant extracts with antifungal activity represents a viable alternative for the judicious use of fungicide in farms (Paulino et al., 2011) .
Ruta graveolens L. belongs to the family Rutaceae and has been the subject of research by numerous researchers, as extracts of species of the genus Ruta have shown positive effects for controlling plant pathogens. Its most notable effect was as antifungal activity against Colletotrichum gloeosporioides (Celoto et al., 2008) , Alternaria solani (Domingues et al., 2009; Pedroso et al., 2009) , Sclerotium rolfsii (Domingues et al., 2009) , Aspergillus sp, Cercospora kikuchii, Fusarium solani, Phomopsis sp. (Venturoso et al., 2011) , Colletotrichum acutatum, Sclerotinia sclerotiorum (Garcia et al., 2012) , caused by secondary metabolites such as alkaloids, flavonoids, coumarins and furanocoumarins present in many species of the genus Ruta. The furanocoumarins xanthotoxin and bergapten, which are derivatives of psoralen, have shown a moderate activity against some fungi, such as Aspergillus nidulans and Colletotrichum acutatum (Menezes et al., 2014) . However, no report has evaluated the effect of a standardized rue extract against M. oryzae.
The objective of this work was to purify and standardize the rue (Ruta graveolens) extract, and to evaluate its effect on M. oryzae, as an alternative to the integrated management of rice blast.
Materials and Methods
Samples of rue leaves and light powder were acquired from Santosflora Comércio de Ervas Ltda., in Goiânia, GO, Brazil. According to an analysis report issued by the company's quality control, the gathering was made in October 2010, and the organoleptic characteristics of the plant are described as oval scattered leaves, blue-green color (which become gray by desiccation) and long petioles, tart and bitter flavor, with a characteristic odor. The material was ground and evaluated according to established Brazilian pharmacopeia (Farmacopeia…, 2010) , for verifying the absence of extraneous material and for determining volatile content, total ash, insoluble ash in acid, granulometric distribution, intumescence index, and the chromatographic profile using thin layer chromatography (TLC). The hydroalcoholic extract was obtained by percolation method (Farmacopeia…, 2010) , using 1 kg plant material and 10 L hydroalcoholic solution at 80% (v/v). The percolate flowed at 1 mL min -1 , and psoralen and bergapten contents were analysed by TLC until plant drugs were exhausted. The extract was concentrated in a rotary evaporator Rotavapor R220 (Büchi, Flawil, Switzerland) until solids above 20% (m/m) were obtained (Farmacopeia…, 2010) . The liquid extract concentration was characterized by quantifying psoralen and bergapten contents, the solid contents, alcohol, pH, relative density, and viscosity, according to the Brazilian pharmacopeia (Farmacopeia…, 2010) .
Samples of 20 uL were analysed in a high performance liquid chromatograph Alliance model (Waters, Milford, MA, USA) with the separation module 2695 equipped with a quaternary pump, diode array detector 2998, and data processing system using the software Enpower 3 (Waters, Milford, MA, USA). Chromatographic separations were conducted in a Luna C8 column, 5 μm, 4.6x250 mm (Phenomenex, Torrance, CA, USA). The mobile phase was the following mixture of acetonitrile: water (45:55 v/v), with a flux of 0.6 mL min -1 , under isocratic conditions for 30 min, and the detection was performed in the range of 210 to 400 nm (Martins et al., 2011 -5 ug uL -1 ; and trial 4, mixture of psoralen and bergapten solutions at the concentrations used in trials 2 and 3, respectively. Rue extract, bergapten, and psoralen solutions at different concentrations were prepared separately. The same volumes (1.0 mL) of the test solutions, or water, were mixed with 14.0 mL of potato dextrose agar medium (Potato Dextrose Agar, HiMedia, Mumbai, India). Five-millimetres mycelial discs of M. oryzae (Embrapa CNPAF Py 10.900) were transferred to Petri dishes and incubated at 25ºC for eight days. The colony size was measured using a digital caliper rule. Colony diameters were compared by Duncan's test. The regression analysis was performed for all data.
The effect of rue extract and its chemical standards, psoralen, and bergapten, on M. oryzae conidia germination and appressorium formation were assessed as follows. The M. oryzae isolate was transferred to Petri dishes containing oat meal dextrose agar medium and it was then incubated under fluorescent light at 25ºC for 10 days. Conidiogenesis was induced by removing the aerial mycelium and exposing the dishes with open lids to fluorescent light at 25ºC for 48 hours. The dishes were flooded with sterilized water, and conidia were removed by gently scrapping with a brush. Later, the suspension was filtered through a Miracloth, and the concentration was determined using a Neubauer chamber and adjusted to 2x10 5 conidia mL -1 . Four trials more were conducted, using a randomized complete block design, with three replicates. Treatments of each trial comprised 11 different final doses, as follows: trial 1: rue extract at 0. 10, 0.20, 0.30, 0.41, 0.51, 0.61, 0.71, 0.81, 0.91 , and 1.01 mg; trial 2: bergapten at 0.0029, 0.0058, 0.0087, 0.0117, 0.0146, 0.0175, 0.0204, 0.0233, 0.0262, and 0.0291 µg); trial 3, psoralen at 0.0018, 0.0037, 0.0055, 0.0073, 0.0091, 0.0110, 0.0128, 0.0146, 0.0164, and 0.0183 µg; and trial 4, a mixture of psoralen and bergapten solutions, at the same concentrations as used in trials 2 and 3. The doses in trials 2 and 3 were determined based on the psoralen and bergapten contents in the extract doses used in this experiment. Different concentrations were used in this germination test because the amount required to inhibit germination was smaller than that for inhibiting mycelium growth, as observed in a preliminary and exploratory experiment . The trial was conducted on sterilized hydrophobic surfaces (clean fragments of sterilized disposable Petri dishes) placed on a microscopic slide in a Petri dish with moistened filter paper to maintain a high humidity. Drops (20 μL) composed of 10 μL of conidial suspension (resulting in a 1x10
5 mL -1 final concentration of M. oryzae conidia) and 10 μL of extract or standard were mixed onto a hydrophobic surface. A spore suspension in sterile distilled water served as a control. The plates were placed in a plastic tray containing moistened filter paper and were then incubated at 25ºC for 24 hours.
Several germinated conidia with formed appressoria were examined under a microscope at 400X magnification. The images were obtained with a digital camera DXM 1200 attached to a phase contrast microscope Nikon model Eclipse 80i and the software ACT-1C. Data were statistically analysed, and the means were compared by Duncan's test. The values of LD 50 were obtained based on probit-log dosage curves using the software BioStat (AnalystSoft, Walnut, CA, USA).
Rue extract effects on cell wall and plasma membrane of M. oryzae were assessed as described by Côrtes et al. (2014) , with rue extract at final concentrations of 3.04 and 5.07 ug uL -1 . The mixture of extract, conidia, and calcofluor white reagent was stored in the refrigerator for 24 hours, before examination under the microscope. The principle of this method is related to the specific linkage of calcofluor white reagent with chitin from fungi cell wall. If the cell wall, or plasma membrane, is damaged, conidia or germ tube will appear brightless in comparison to control undamaged cells in microscopic analysis. The images were analysed using a DXM 1200 digital camera, attached to a Nikon model Eclipse 80i fluorescence microscope at 400X magnification and the software ACT-1C.
A greenhouse experiment was carried out in a completely randomized design. Seed of the rice cultivar 'Primavera' were sown on plastic trays containing approximately 3 kg of soil fertilized with NPK, 1 g zinc sulphate and 3 g ammonium sulphate, in eight rows measuring 15 cm long. Before planting, seed were sterilized with alcohol for one minute, followed by sodium hypochlorite for one minute and rinsed with sterilized water. Twenty days after sowing, a top dressing was made with 2 g of ammonium sulphate per tray. The five treatments including rue extract, psoralen, bergapten, and a mix of both markers are described in Table 1 . The plant extract concentration was selected based on the results obtained in previous in vitro experiments. The concentration of markers corresponds to their contents in the extract. Rue plants were sprayed with a conidial suspension 21 days after planting, and soon after the emission of the third leaf with a DeVillbiss no. 15 connected to the compressor at 0.001 kg cm -2 standard pressure. Later, the plants were incubated at 100% humidity for 24 hours at 20 to 25ºC. After the incubation period, plants were transferred to greenhouse benches and maintained at 25 to 29ºC, at 80% humidity, for six days until the disease progression was evaluated.
Seven days after inoculation, the disease was assessed using two visual rating scales. The first rating scale, a nine-grade scale varying from 0 to 82 based on the percentage of affected leaf area, was used to determine leaf blast severity, according to Notteghem (1981) . The second rating scale was a five-grade scale varying from 0 to 9 based on the lesion type, as follows: 0, absence of symptoms; 1, small hypersensitive lesions; 3, small, nonsporulation lesions; 5, isolated, typical sporulation lesions; 7, 50% coalescence of sporulation lesions; and 9, more than 50% coalescence of lesions causing death of the entire leaf. Data were transformed to (x + 0.5) 0.5 , before the analysis of variance, and the means were separated by Duncan's test, at 5% probability, using the software package for social sciences version 18.0 (SPSS Inc., Chicago, IL, EUA).
Results and Discussion
Extraneous material was not detected in the analyzed rue samples, which were composed of volatile content (7.86±0.07% m/m), total ash (5.69±0.10% m/m) and insoluble ash in acid (0.33% m/m). Powder was classified as ultrafine based on its granulometric distribution. The intumescence index was 4.6±0.1 mL g -1 , retention factor for was 0.84 psoralen and 0.8 for bergapten as determined by TLC. The psoralen and bergapten concentrations the extract were 18.26 and 29.14 µg mL -1 , respectively. Solid and alcoholic contents were 20.36% (m/m) and 25.96% (v/v), respectively. The relative density was 1.014 g mL -1
, pH was 5.26, and viscosity was 28.55 mPa s.
The system suitability parameters were similar to values published by the American Pharmacopeia USP 34. The limits of detection and quantification were respectively 2.21 and 7.37 μg mL -1 for psoralen, and 0.27 and 0.90 μg mL -1 for bergapten. The method was selective, precise, linear, exact, and robust.
All extract concentrations inhibited M. oryzae and showed significant differences in comparison to the control (trial 1). Additionally, differences among treatments 2, 3, and 4 were significant with a strong exponential correlation. From the fifth treatment onwards, mycelial growth was reduced by 100% (Figures 1 and 2) . However, bergapten (trial 2), psoralen Figure 1 . Inhibition of Magnaporthe oryzae (mm) mycelial growth, after standardized Ruta graveolens extract treatment at different concentrations (0, 3.38, 6.76, 13.52, 27.04, 40.56, 54.08, 67 .61 mg mL -1 ). Means followed by equal letters do not differ significantly, according to Duncan's test, at 5% probability.
(trial 3), and mixed markers (trial 4) did not exhibit the same effect as that of the plant extract. There was no significant differences between colony diameter means for bergapten, psoralen, and mixed markers trials, in comparison to the control.
All extract concentrations inhibited germination and appressorium formation (Figures 3 and 4, trial 1) . The probit-log curve (BioStat, Method of Finney) indicated that 0.2376 mg and 0.121 mg of extract inhibited 50% of the conidia germination and appressoria, respectively. One hundred percent of germination was inhibited with a minimum of 0.71 mg extract. During germination and appressorium formation, the extract components did not damage cell wall or cell membrane of M. oryzae ( Figure 5 ). The experiments with the standards psoralen, bergapten, and their mixture (trials 2, 3, and 4) did not inhibit conidial germination and appressorium formation. There was no significant differences among treatments.
In greenhouse experiments, leaf blast severity was significantly lower in the trial 2 treatment (3x10 5 mL -1 of M. oryzae conidia + plant extract), followed by the trial 3 treatment (3x10 5 mL -1 of M. oryzae conidia + 18.26 µg mL -1 psoralen). The trial 4 (3x10 5 mL -1 of M. oryzae conidia + 29.14 µg mL -1 bergapten), and trial 5 treatments (3x10 5 mL -1 of M. oryzae conidia + 18.26 µg mL -1 psoralen + 29.14 µg mL -1 bergapten) did not reduce leaf blast (Figure 6 ). The trial 2 treatment (3x10 5 mL -1 of M. oryzae conidia + plant extract) only differed from the other treatments for the lesion type developed in response to inoculating the rice 'Primavera' with a compatible isolate. The other treatments exhibited similar lesion types as the control (Figure 7) .
The described process in this study yielded a standardized rue extract. Standardization involved determining the contents of the main chemical constituents and the denominated markers, as well as assessing the pharmacotechnical characteristics which guarantee security, efficiency, and quality of the product. The markers psoralen and bergapten, previously reported as phytoalexins (Larbat et al., 2007) , were identified and purified. Rue extract inhibited the mycelial growth and formation of M. oryzae appressorium whose form showed some defects. When rue extract was sprayed along with the conidial suspension of a compatible isolate on rice 'Primavera', leaf blast severity was reduced by 80%, in comparison to the control, and leaves exhibited typical hypersensitive lesions. The inhibitory effect of rue extract on M. oryzae mycelial growth, in the present study, agrees with previously reported effects of extracts and essential oils on mycelial growth of other plant pathogens, including Alternaria solani, A. alternata, Aspergillus sp., Cercospora kikuchii, Fusarium solani, Phomopsis sp., Colletotrichum acutatum, C. gloeosporioides, Sclerotium rolfsii, Rhizoctonia solani, and Phytophthora sp. (Celoto et al., 2008; Domingues et al., 2009; Pedroso et al., 2009; Garcia et al., 2012) .
According to our fluorescent microscopy results, rue extract did not affect conidial cell wall or cell membrane ( Figure 5 ), indicating that the inhibitory activity should have been due to some other mode of action. It is unlikely that the extract interfered in the identification of the inductive surface because when rue extract was sprayed together with the conidial suspension on rice leaf surface, the disease was inhibited (Figure 6 ). Rice leaf is highly inducible by several known features such as hydrophobicity, cutin monomers, and leaf topography. The extract T2, 0.10; T3, 0.20; T4, 0.30; T5, 0.40; T6, 0.51; T7, 0.61; T8, 0.71; T 9, 0.81; T10, 0.91; T11, 1.01 . Columns followed by equal letters did not differ significantly, according to Duncan's test, at 5% probability. B, effects of Ruta graveolens extract concentrations on appressorium inhibition. Probit -log dosage curve. would be able to interfere with one, but not all leaf inductive signals. Further studies are necessary to examine other diverse morphological alterations, such as the presence of vacuoles, disorganization of cellular content, reduction of cell wall sharpness, and reduction of hyphal turgidity, lipid, and glycogen contents and movements.
We have attributed 80% of the reduction of blast severity to the inhibitory effect of rue extract on germination, appressorium formation, or defective appressorium ( Figure 6 ). In addition to the reduced diseased area, a change in the lesion type was observed from highly sporulated lesions (control) to hypersensitive lesions (extract). The presence of nongerminated conidia, or the absence of appressorium, likely disrupted plant defence chain reaction, or the extract could have acted as an elicitor of systemic resistance. Data do not allow to infer that rue extract induced resistance, but this may be the subject of future researches.
In the present work, the concentration of markers in the extract were initially determined. The markers (phytoalexins) psoralen and bergapten, solely or of psoralen + 29.14 µg mL -1 of bergapten. Means followed by equal letters did not differ, according to Duncan's test, at 5% probability.
together, did not display any inhibitory effect in vitro or in vivo. Phytoalexins were originally considered to be plant antibiotics which are synthesized after plant tissue is exposed to microbial infection (VanEtten et al., 1994) . According to those studies, a phytoalexin could not be pre-formed in the tissue, or released from pre-existing plant constituents. Rather, it should be understood as a plant stimulus response system involving a signal, a receptor, and a responsive metabolic system (Smith, 1996) . In 1994, VanEtten and collaborators proposed the term phytoanticipins and published the following definition: phytoanticipins are antimicrobial compounds of low molecular weight, which are present in plants before the challenge by microorganisms, or they are produced after infection solely from pre-existing constituents (VanEtten et al., 1994) . The difference between phytoalexins and phytoanticipins is not in their chemical structure, but in the way they are produced, highlighting that a pre-formed compound can be passive in its interaction with a potential pathogen. However, we have observed that treatment 3 (psoralen), when sprayed simultaneously with a conidial suspension of M. oryzae, produced sporulating lesions on a small portion of the leaf area, which suggests that psoralen has some effect on the plant defence system by reducing the disease development rate (Figure 7) . The inhibitory action of plant extract vs the noneffect of the markers could be attributed to the existing of one or diverse chemical compounds contained in the extract and which were not identified. The results of the present study should be further extended to determine the molecules responsible for the antifungal action of the R. graveolens plant extract, and its use as a biological product should be validated. 5 mL -1 of Magnaporthe oryzae conidia; 2, 3x10 5 mL -1 of Magnaporthe oryzae conidia + plant extract; 3, 3x10 5 mL -1 of Magnaporthe oryzae conidia + 18.26 µg mL -1 of psoralen; 4, 3x10 5 mL -1 of Magnaporthe oryzae conidia + 29.14 µg mL -1 of bergapten; 5, 3x10 5 mL -1 of Magnaporthe oryzae conidia + 18.26 µg mL -1 of psoralen + 29.14 µg mL -1 of bergapten.
